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PREFACE
Assessing orthodontic outcome involves the accurate measurement of dental,
skeletal, aesthetic, and psychosocial mien of an individual. Currently available indices
have attempted to explain these variables by summing measures and associated
weightings into an index. The popularized Peer Assessmem Index (PAR) incorporates
such weightings and derives them from subjective opinions of trained orthodontists.
Presently no cephalometric components are included in the PAR Index or any other
index for a lack of its proven predictive value in assessing treatment severity or
difficulty. In total, eighty cases were included in this study. Each case was scored by
a trained examiner in the use of the PAR Index. Subsequently, sixteen trained
orthodomists graded the cases classified into five groups; classII div. 2, class III, open
bite, bimaxillary protrusive, and class I with mild crowding. Examiners were asked to
rate their perceived severity and difficulty ofthe cases using a visual analog scale
(VAS) on two separate occasions. Time period one (T1) included only casts and time
period two (T2) included both casts and cephalograms. Additionally, the examiners
provided general treatment plans based on either growth modification, extraction’s,
non-extraction or surgery. All VAS data were analyzed by the Rasch Measurement
Analysis. The method aided in the transformation of ordinal measures into continuous
interval data, allowing for appropriate statistical comparisons to be made. No
statistically significant differences were found between difficulty and severity for T1
and T2. However, statistically significant differences were found in treatment options
in the bimaxillary protrusion and Class II div.2 groups between T1 and T2. In
iii
addition, this study did show that the PAR components presently not included in the
PAR Index may be incorrectly left out, and should be included in a new and improved
PAR Index.
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INTRODUCTION
Outcome assessment has been viewed as a valuable tool in the health care
industry. A variety ofmeasurement tools for outcome assessment have evolved and
have come under scrutiny for their reliability and validity. The orthodomic profession,
in its efforts to develop a measure useful for assessing severity, difficulty, and case
success, has discussed the use ofvarious indices as objective measures of outcome.
To date, no single index or group of indices have been endorsed by the American
Association of orthodontists as an appropriate measure oftreatment need.
Recent research on these various orthodontic indices has begun to shed light on
the strengths and weaknesses inherent to each. In deciding on these strengths and
weaknesses, proponents and cynics alike agree that an occlusal index must have a
standardized methodology to reduce examiner bias to its lowest level. It must also"
1) consider all aspects ofmalocclusion, 2) consistently be reliable, 3) be clinically
valid and easy to apply by examiners, 4) be amenable to modification, 5) be objective
and yield quantitative data to be analyzedl.
Successful attempts have been made in addressing some of the aforementioned
criteria. Foremost are the indices involving the dental component of malocclusions.
Other more difficult aspects oftreatment need and outcome assessment are skeletal
and soft tissue changes, aesthetic considerations and overall dental health changes.
The failure to examine these latter components of outcome assessment has resulted in
much controversy.
By pursuing studies which evaluate the relationship occlusal traits have to
other aspects of a case, a greater understanding ofthere relationship may be possible.
Presemly, little information exists which has specifically evaluated the relationship
between cephalograms and occlusal traits when considering outcome assessment. It
appears that occlusal traits do play a significant role in determining case severity and
difficulty. However, it can not be assumed that x rays are insignificant and need not
be included in an index oftreatment need or outcome assessment. Thus, the purpose
of this study to" 1) determine the relationship cephalograms have with casts in an
assessment of case difficulty, severity and treatment, 2) determine if a popular occlusal
index the Peer Assessment Rating Index, is reliable and valid.
LITERATURE REVIEW
A. Malocclusion Characteristics
Recem information from The National Health and Nutrition Examination
Survey (NHANES III) has been published on the prevalence of occlusal traits found in
the United States2, 3. Surprisingly, no national estimates ofmalocclusion had been
compiled since the National Center for Health Statistics’ estimates were published in
the 1960’s. Data obtained from the NHANES III study has recently provided new
measures of occlusal characteristics for over 7,000 sample persons, representing 150
million non-institutionalized people in the United States. These findings present the
first estimates of occlusal status in over 25 years. Some notable findings were that 8
% ofthe population had a severe overbite of 6 mm or more, and the average overbite
was 2.9 mm. Maxillary diastemas > 2 mm were observed in 19 % of 8-11 year olds, 6
% of 12-17 year olds and 5 % of 18-50 year olds. Furthermore, posterior crossbites
affect less than 10 % ofthe population and less than 10 % had overjets of 6 mm or
more. Also discovered was that almost 20 % ofthe adults (18-50 years old) and 18 %
ofthe children have had orthodontic treatment2, 3.
Interestingly, on average, the NIDR (NHANES III) estimates ofmalocclusion
treated with orthodontics are approximately double those of a previous study. This
earlier report looked at data from one ofthe largest dental insurers with more than 1.3
million claims for orthodontics4. In this study, the authors calculated that 10.6 % of
the population had initiated comprehensive orthodontic treatment and approximately 2
% had undergone limited orthodontic treatment. In total, approximately 12.6 % ofthe
population received orthodontic treatment. This is in contrast to the 18-20% estimates
calculated from NHANES study. This is surprising since in 1986, the National Health
Survey of dental health policies indicated that patients with insurance coverage were
significantly more likely to have a dental visit than those without insurance (70 % and
49 % respectively)5.
This new information from NHANES III helps to better elucidate the
prevalence ofmalocclusions in the United Sates. Data like this, which helps to
identify population characteristics maybe crucial to further studies in the field of
outcome assessment. Only by better understanding the diversity and character of
malocclusions would properly designed studies be possible.
B. Treatment Linked to Orthodontic Setting
To better characterize malocclusions, proper sampling techniques must be
learned and employed for useful conclusions to be made. Classifying malocclusions is
an essential first step in understanding the pattern and distribution of malocclusions,
the second is to know who is providing orthodontic treatment. A recent study looked
at this question by evaluating treatment settings and case difficulty and found
specialists seeing more difficult cases than generalists on average. If this is true,
proper studies evaluating outcome of care would need to weigh different settings when
sampling.
A fairly comprehensive study by Wolsky and McNamara (1996) looked at one
aspect ofthis issue. By using a random stratified sample of general dentists, they
concluded that 76.3 % ofthe responding dentists provide orthodontic services. This
was examined by grouping the data imo comprehensive orthodomic and limited
orthodontic treatments. When considering only comprehensive orthodontic treatment,
they found that the percentage of general dentists providing orthodontics dropped to
19.3 %. Further analysis ofthe cases treated showed that general dentists claiming to
perform more than 11 cases a year are most likely performing comprehensive
orthodontics6.
C. Criteria of an Index
1. American Association Orthodontics
Whether it be to identify case severity, treatment need or case difficulty,
various indices have been developed over the years7-10. Their diversity has spawned
much controversy over the strengths and weaknesses of each. Precipitated by the
growing demand for objective criteria when awarding public money for care and the
growing concern ofmanaged care, a consensus conference was held by the AAO in
January 1993 to evaluate the "effectiveness and value of orthodontic indices 11.,, It is
important to note that the conference considered the use of indices as measures of
treatmem priority only for publicly funded programs. To date, the AAO policies reject
any use of orthodomic indices as a method to qualify a patiems need of orthodontic
care12. The pertinent AAO policy statements are included, see Appendix A.
Many states currently use indices to establish priority for orthodontic coverage
within their Medicaid patient pools. Currently, states are using the Salzman
Handicapping Malocclusion Assessment Record (HMAR) or a modified version of it,
the Handicapping Labio-lingual Deviation (HLD), Peer Assessment Rating (PAR), or
their own index to determine priority of orthodontic need7, 8, 10. "Consequently,
many state agencies will decide which care to fund based on a priority established by a
quantifying index13.,, The panel did elaborate that although they have reservations as
previously noted, the rank ordering of orthodontic care requests is, in itself, prevalent.
Thus the following recommendations were made:
1) That the House ofDelegates rescind Resolution 17S3-85 RC, May 8, 1985.
Resolved, that thefollowing statement shah be adopted as American
Association ofOrthodontists policy: There has been no index which
reliably or scientifically measures the degree ofneed or desirability
for orthodontic treatment, and be itfurther Resolved, that it is the
policy ofthe American Association ofOrthodontists that indices are
not suitable as vehiclesfor qualifying an individualfor orthodontic
treatment.
2) That the House of Delegates adopt the following Proposed Resolution.
Resolved, that the use ofan index by an educationally qualified
orthodontist to evaluate the severity or degree ofhandicap associated
with malocclusions and dentofacial irregularities may be an
appropriate methodforpreliminary identification ofpatients who
should be consideredfor treatment in publiclyfunded dental care
programs. Treatment decisions must be made and treatment carried
out by an educationally qualified orthodontist using accepted diagnostic
criteria and methods.
2. Criteria Defined by Consensus Panel
The panel participants further agreed on the need for an index and hence stated
criteria deemed important for evaluating the value and effectiveness of an index13.
The criteria included:
1) Validity- the index must measure those features ofmalocclusion or dentofacial
irregularities identified as important for future orofacial health. It was noted that a
major factor, not yet quantified, was the psychosocial factor, and that the ideal index
would have to reflect the psychosocial gain to be achieved by orthodontic treatment.
2) Reliability- an index must yield the same score when it is performed by different
examiners or by the same examiner.
3) Modifiable- an index must be able to be altered when new information becomes
available.
4) Simplicity- the index must be simple enough to be performed without extensive
training, exorbitant cost, or excessive possibility of error.
5) Comprehensive- the index must include all aspects ofmalocclusion.
6) Prioritized- the index must be able to rank all malocclusions to establish priorities
for orthodontic care.
7) Useful- the index should be adaptable for multiple purposes, such as determining
variable amounts of co-payments.
8) Psychosocial- the index should be constructed so that it reflects the symptoms of
malocclusion in terms ofthe impact on the patient’s psychosocial health.
D. Dental Indices
Early attempts were made to characterize malocclusions. The most popular
and still widely accepted method for classifying malocclusions was defined by Edward
Angle in 189914. Attempts to modify and improve his classification system have
been made by others, such as Case, Dewey, Anderson, Hellamn, Benett, Simon,
Ackerman and Proffit, and Elsasser15. These attempts to classify malocclusions, and
thus characterize the variation of dental and facial attributes, have been fraught with
much disagreement and inconsistency. Due in part to this inconsistency and
disagreement, recent efforts have focused on developing instrumems ofmeasure
which quantitatively assess a patient’s dental deviations from the ideal. Indices are the
tools used to try to quantitate these deviations.
One of the first indices, the malalignment index, was a method of quantifying
tooth position from its ideal for each tooth, then summing for a score16. By summing
the measures, an overall score could be obtained and used to compare cases. The
index provided an objective measure based off of a tooth’s deviation from its ideal
position.
1. Handicapping Labio-lingual Deviation Index
In 1959, the Handicapping Labio-lingual Deviation Index (HLD) was
developed. The goal was to develop an index based on treatmem need for New York
State’s Rehabilitation Program started in 1945. Draker’s desire was to measure only
handicapping malocclusions, not any malocclusion as defined by the profession. The
HLD was designed to rate a person’s handicapping malocclusion, which was defined
to have extreme deviations from normal, and not merely to measure any deviation
from normal. It was a public health instrument useful in determining treatment need
and allocating services based on need. The reproducibility ofmeasurements between
examiners was quite good, with 80 % of all measurements in agreement for 75% of
the cases7. The validity ofthe index was also found to be quite high. In a blinded
trial, 80 % of all cases rated as handicapping by the index were also determined to be
subjectively handicapping. However, deficiencies in the index were found to exist.
Preliminary statistical evaluation discovered inadequacy and lack of definition for
components like ectopic eruption and anterior crowding. The AAO Consensus
Conference in 1993 concluded that the weighted components were inappropriate and
arbitrary13. For use as a contemporary index oftreatment need, it failed also to
address the aesthetic or psychological components.
2. Treatment Priority Index
Grainger, in 1967, developed the Treatment Priority Index (TPI), a more
complete index which concentrated on measures which characterized six handicapping
conditions. These conditions were defined as: 1) Unacceptable aesthetics, 2)
Significant reduction in the masticatory function, 3) A traumatic condition which
predisposes to tissue destruction in the form ofperiodontal disease or caries, 4) Speech
Impairment, 5) Lack of stability such that the present occlusion will not be
maintainable over a reasonable period of time
6) Rare, but gross traumatic defects such as cleft palate, harelip and pathological or
surgical injuries 17. Using casts or clinical exam, measurements were taken and used
to define the severity ofthe six conditions described. Unique to the TPI was its
derivation of appropriately weighted components. It was the first rating system which
used subjective opinion and a regression analysis to derive appropriate weightings for
each component. Popularized in the United States in the 1970’s, the TPI was helpful
for early epidemiological studies ofmalocclusions in this country. Even with the
improved weighting system, the index had its shortcomings. It failed to address
common factors such as spacing, asymmetry and the aesthetic component. Hence its
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suitability as an index for outcome assessment and its validity as an index for
treatment need was questionedl 3.
3. Handicapping Malocclusion Assessment Record
Shortly after, in 1968, Salzman described a new index, the Handicapping
Malocclusion Assessment Record (HMAR). The purpose was to provide a means for
establishing a priority for treatment ofhandicapping malocclusions in the individual
child according to severity as shown by the magnitude of the score obtained in
assessing the malocclusion from dental casts or directly in the oral cavity8. It had
been temporarily endorsed by the American Association of Orthodontists, but in 1985
that endorsement was subsequently revoked12. The HMAR index was and is used in
some communities to assess the prevalence and degree of severity of malocclusions.
Cut off levels (scores) are decided upon based on the resources of a particular
community. The index involves the dental evaluation ofteeth from an intra-arch and
inter-arch perspective. Points are summed for each category and subjective weights
are appropriately applied. Viewed by many states as superior to previous indices, it
has been used extensively as a screening instrument for publicly funded programs.
The 1993 Consensus Conference on Orthodontic Indices concluded however, that
HMAR was not very reliable, that the weighted values were too arbitrary, and that it
contained no information regarding the aesthetic or psychological componem.
Another criticism was its failure to characterize the malocclusion in the mixed
dentition.
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4. Occlusal Index
A new index addressed this last criticism ofthe HMAR. Developed in 1971 by
Summers, the Occlusal Index (OI) involved the characterization ofnine variables9.
They were dental age, molar relation, overbite, overjet, posterior crossbite, posterior
open bite, tooth displacement, midline relations, and missing permanent teeth.
Developed as an aid for epidemiologists, the OI assessed occlusal disorder as a
continuous variable and recognized the importance of validity, intra-reliability, and
inter-reliability in the many age-dependent dentitions. Several investigators have
since used the OI to assess treatment outcome based on pre- and post-treatment
modelsl8,19.
5. Peer Assessment Rating Index
Created in 1987, the Peer Assessment Rating Index (PAR) was designed to
rank order malocclusions at any stage oftreatment, and was intended specifically for
use on dental casts. The method involves scoring various occlusal traits and summing
the values to a total. The score of zero would represent good alignment and occlusion,
while higher scores (rarely above 50) would indicate severe irregularities 10.
a. Components ofthe PAR
Five components are measured for useful assessment of treatment status (Table
1). The first component consists ofupper and lower anterior segments. Measurements
are recorded from the mesial contact point ofone canine to the mesial contact point of
the contra-lateral canine. Features recorded are crowding, spacing and impacted teeth.
Contact point displacements are recorded as the shortest distance between the contact
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points of adjacent teeth and parallel to the occlusal plane. Teeth are considered
impacted, and are subsequently added to the anterior segment, if any permanent tooth
mesial to the first molar has less than 4 mm. of space available for eruption. In a case
such as this, the contact points are scored, then the number ofimpactions present is
added to the score. (Table 2 ).
Potential crowding is calculated in the mixed dentition case by assuming
average mesial-distal widths ofthe succedaneous teeth (Table 3). If the total space
from first molar to lateral incisor is less than 18 mm in the maxilla or 17 mm in the
mandible, a score of five (indicating impaction) is added to the anterior segment.
Buccal occlusion is assessed in three planes of space-- transverse, vertical, and
antero-posterior. Both fight and left sides are included the recording zone extends
from the canine back to the last molar (Table 4). Any temporary or developmental
stages are excluded. The three measurements for each plane of space are summed and
recorded for both left and fight buccal occlusion.
For overjet and overbite assessmem, the recording zone includes all four
incisors. Overjet specifically evaluates the positive and negative (anterior crossbite)
antero-posterior position of the incisors. By measuring parallel to the occlusal plane
and to the most labial portion of the incisor edge, the positive overjet is recorded.
Should any incisor be in crossbite, that score is added to the positive overjet score
which is then considered the overall score for overjet (Table 5). Overbite is assessed
by evaluating the worst incisor and its degree of overlap or open bite (Table 6).
Midline or centerline is the last measurement taken. It records the relationship
ofthe upper midline to the lower. If a lower incisor is missing, an estimate is made of
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the lower demal midline (Table 7). For convenience, a clear plastic ruler has been
designed to facilitate measurements ofthe PAR for all categories mentioned.. The PAR
ruler is recommended to help ensure ease ofuse and reliability ofthe Index.
b. Validation & Reliability
Validation ofthe PAR Index was carried out by sampling the opinions of 72
British dentists 10. The panel consisted of orthodontists, general dentists performing
orthodontics, and general dentists not performing orthodontics. The panelists’
subjective opinions of severity were then compared to the PAR scores derived by Dr.
Richmond. When each component was weighted appropriately, the subjective
opinions correlated to the PAR Index with an r =0.8510.
More recently, another study to validate the PAR Index took place in the
United States20. Its purpose was to examine and compare subjective measures of
seventy and difficulty with the scores ofthe PAR Index. Perception of severity in a
dental malocclusion and perceived difficulty of treatment were found to be closely
related. They concluded that any measure of severity will essentially be evaluating the
same features used in determining treatmem difficulty. The study did not train
examiners in the use ofthe PAR Index, but relied on a well-trained orthodontist from
Britain to score the models.
Validity is as important as reliability because it helps to explain how well the
test explains or evaluates what it suppose to. The methods and assumptions to test the
validity rely on subjective assessment. In evaluating the validity of orthodomists in
the PAR Index subjective variables i.e. severity or difficulty are used to assess how
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well the measures ofthe PAR fit to changes in severity or difficulty. Previous indices
including the PAR have been validated by surveying orthodontic opinion and scoring
the results based on either a visual analog scale (VAS)or Likert scale8-10, 20-22. The
ordinal data obtained by either method was then examined using parametric and non
parametric statistical tests. The assumption often is that the data may be treated as
interval even when the authors understand that its ordinal. This is confirmed by Dr.
Richmond who stated that it is expedient, but also reasonable to consider the PAR
scores as being an interval scale ofmeasurement due to the weighting ofthe
components23.
The reliability of the PAR Index has also been examined. A previous study
showed that when comparing four trained examiners in the PAR Index, overall inter-
rater reliability was 91%10. This was described as excellent and compared very
favorably to previous caries calibration exercises24. The use of auxiliary personnel or
dentists to score models has not been evaluated in the United States. However, in
Europe the calibration and ease ofuse ofthe PAR Index has been documented among
European dentists with much success25. There has been some question however,
about the reliability of the PAR Index when dental nurses and non-dental personnel
were trained in its use26, 27. For economic reasons, it would be useful to employ an
index which would be valid and reliable when used by auxiliary personnel.
E. Visual Analog & Likert Scales
In general items or persons can be measured if the attribute of the object in
question (variable) can be viewed along a linear continuum and can be compared in
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terms of "more or less’’28. The visual analog (imerval) and Likert (ordinal) scales
provide this type of rating for which a variable can be described. The difference in
choosing a VAS or Likert scale is a question which has been frequently addressed in
the literature. Linacre, (1999) in an article compared the properties of the VAS to that
ofthe Likert scale29. The premise that the VAS is continuous and interval was
rejected. He argues, according to the stated conventional analysis of the VAS, data is
placed on a linear continuum from 0 to 100 resulting in a 101 category scale. "It is
impossible for humans to discriminate 101 levels categories in any one dimension,"
failing thus to measure in a continuos and interval manner29. Linacre in support of his
statement refers to a 1956 article written by G. Miller. In this article Miller states,
most people can only process seven plus or minus two categories when considering
input in any one dimension30. In fact, there is no evidence that support the implicit
condition that subjects can differentiate between an infinite number of choices on a
continuous scale31.
Munshi(199.0) conducted a study that asked 210 people to respond to questions
on a 76mm line bounded by the terms "absolute disagreement" to "complete
agreement". Measurements were made to the nearest halfmillimeter. The data thus
provided 153 categories. A cluster analysis was performed which determined that 4
categories explained 80% of all the responses while, 7 categories explained 98%31.
The conclusion was that all observations can be considered only as ordinal or nominal
data and not interval.
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Wright (1989) published an article which not only reaffirmed Munshi
conclusions but went further and concluded that ordinal data is not a true measure until
it has been transformed. In the paper emitled "Observations are Always Ordinal:
Measurements, However, Must be Interval", Wright defined a measure as, a number
with which arithmetic (and linear statistics) can be done, a number which can be added
and subtracted, even multiplied and divided, and yet with results that maintain their
numerical meaning32. Interesting was the fact that observations, even the counts of
things, are not and should not be considered measures until an adequate model
showing coherence and utility of data is established. Meaning, an "extra one of those"
can imply anything from a small change, to a very large change in the group. Proper
steps in defining labels needs to occur, for the groups must be defined equally. He
concluded that observations can be analyzed properly only through a modeling system
that converts data from ordinal to interval data.
F. Rasch Model
It was George Rasch who in the 1960’s who identified this problem ofnon-
linearity in an ordinal scale and devised a solution based on probability and the
likelihood that answers would be correctly given. In doing so he constructed a series
ofmeasuring methods which unlike previous tests asked the question- does the data fit
the model, compared to the common question which often asked, do the tests fit the
data. This in itselfwas a completely different and confusing concept in its own fight.
The scientific community was accustomed to accumulating data and then employing
statistical methods which were appropriate in describing the data. Hence it was the
17
data which dictated the statistical test chosen. In the Rasch model it is the measuring
models which ask the question- are the data appropriate for it, and, if not, which data
are inappropriate33.
1. Background
In the early 1960’ s, Rasch developed this concept in an attempt to test the
reading ability of children33. It was during this time that he identified two factors
which were independent of each other but were both critical in the measurement of a
child’s test performance. The first factor identified was the assessment ofthe
"difficulty" ofthe words within the sentence. Harder words were given a lower
probability of success in getting them right while easier words a higher probability..
The second factor was to assess the "ability" of the child, independent of the difficulty
of the words used and assign a probability based on ability of that child. These two
probabilities would provide a means in which a measuring method could be used to
compare children. For example, two children are asked to take a reading test, one child
is considered gifted the other an average student. Each are given the same sentence to
read. It is reasonable to assume that the gifted child would have a higher probability
ofreading the sentence correctly than the average child but yet the average child may
still read that sentence flawlessly. Therefore, the sentence with a given difficulty score
is independent ofthe probabilities associated with the ability of each child, which are
also independent of each child. This concept is the basis by which Rasch developed
the probabilistic theory ofmeasurement. Statistical tests were no longer questioned as
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to whether they were appropriate for the data but now the question was, are the data
appropriate for the model.
a. Dam Transformation
Transformation is a data editing process in statistics. There are several
purposes of transformation such as, to stabilize variances, to linearize relationships, to
make distributions more normal, to simplify the handling of data, and to enable results
to be presented in an acceptable scale ofmeasurement34. While it is clear that
subjective assessment of a particular question can be best described as continuous
ordinal data, transformation into interval data must therefore be considered necessary
for proper statistical manipulation to occur. Trying to compare the opinions of
orthodomists on a particular question can be compared to trying to see oneself in a
warped mirror. While the parts may be in order, they are not in proportion35. It is the
distortion, making distances between points at the extremes of scales (Likert or VAS)
appear shorter than they would if the one ofthe extremes was used as the center point,
that necessitates correction. To correct for this data is transformed to a logit measure.
Wright describes this, as an appropriate and needed straightening process which
removes distortions from the data. "Even the simplest statistics like means and
standard deviations assume linearity. However, raw scores do not provide this
linearity.,,35
The second reason for transformation resides in the desire to compare different
examiners to each other, or to compare different cases and there relationship to the
variable (severity or difficulty). Transformation helps to free the examiners from their
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own scale by placing each examiner on the same logit scale. This "calibration"
provides the necessary tool in which accurate quantitative comparison can be made.
b. Logit
The logit or log odds is a transformation defined as
Logit measure =log(r/L-r)
where r is the raw subjective score and L is equal to the maximum score possible35. It
becomes apparent that by looking at the graph (Figure 1) raw data is transformed by
decreasing the weight ofraw data in the center of the graph and weighting more
heavily data at the ends. It, thus, accomplishes the earlier stated goal to "straighten"
the data. Additionally, the ratio set up in the logit equation manages to equilibrate all
ofthe examiners relative to each other. The worry that subjective variability of
different examiners in clustering their answers on different parts of the scale are no
longer a concern. The logit accomplishes the calibration of all data and
simultaneously transforms the innately ordinal data into interval data.
c. Summary
In summary, it is incorrect to view data as interval when in-fact all data is truly
ordinal32. It is an assumption often made incorrectly or for convenience to
manipulate ordinal observations in a manner which demands arithmetic manipulation.
Transformation of data provides the basis in which comparisons can be made by data
which has been calibrated to the same scale. The Rasch Model provides a means to
assess these logit measures in a manner which is probabilistic and not deterministic.
The property of independence, paramount to the principles ofthe Rasch measurement
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model, provides a unique way to evaluate the cases or judges independent of each
other. It is a unique concept for analyzing data which provides information on the
appropriateness of cases and judges. The method provides outliers to be identified
whether it be judges or cases. Judges are thus examined separately based on the
variable in question(severity or difficulty) as well as the cases (malocclusion
deviation).
RATIONALE
There has been a growing number of studies which have tried to evaluate
orthodontic treatment outcome based on dental indices. Time oftreatment, treatment
duration, mechanics are just some of the areas that have been investigated in the hope
ofimproving dental care. The Peer Assessment Rating Index (PAR) as been studied
for its reliability and validity as a measure of dental deviation from normal in the
United States and Great Britain. In each study, using study models only, subjective
opinions from orthodontists and dentists were obtained to judge the severity and
difficulty level of each case. Few studies have expanded the role of outcome
assessment to consider the suspect role that a cephalogram has in assessing the
severity, difficulty Or treatment options of a case. In this study five classifications of
malocclusion were selected for, bimaxillary protrusive, class II div. 2, Class III, mildly
crowded and open bite cases. The five classifications chosen were based on
orthodontic consensus and the theory that if any cases would be influenced by the
added information of a cephalogram, it would those five.
21
GENERAL OBJECTIVES
To test:
Ho" There is no difference between orthodontic severity for cases evaluated
using study models .only compared to study models and cephalograms.
Ha" There is a difference between orthodontic severity for cases evaluated
using study models only compared to study models and cephalograms.
Ho" There is no difference between orthodontic difficulty for cases evaluated
using study models only compared to study models and cephalograms.
HA: There is a difference between orthodontic case difficulty for cases
evaluated using study models only compared to study models and cephalograms.
Be Ho: There is no difference between treatment options chosen for cases that are
evaluated and diagnosed based on models only compared to models and
cephalograms.
Ha: There is a difference between orthodontic case treatment options chosen
for cases that are evaluated and diagnosed based on models only compared to models
and cephalograms.
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SPECIFIC OBJECTIVES
A. To determine the changes in severity and difficulty of selected cases
evaluated by orthodontists using casts only compared to casts and
cephalograms
B. To assess differences in treatment options between orthodontists evaluating
cases with casts alone compared to casts and cephalograms.
C. Using the Rash Measurement Analysis compare and contrast the
components and weightings of the PAR Index with that ofprevious studies.
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MATERIALS AND METHODS
This study consisted of selecting eighty inactive patient charts from the
University of Connecticut Department of Orthodontics. Estimates of sample size were
obtained from data ofprevious studies20, 36, 37. Five groups, with a minimum of 14
cases in each, were utilized. Sixteen orthodontists participated in the subjective
grading of these cases.
A. Sample Selection
This study involved the selection of 80 representative cases from a list of 1500
inactive patient charts. The 80 cases were selected and classified into one of five
groups. The five groups were, class III, class II division 2, mild anterior crowding,
open bites, and bimaxillary protrusive. Each ofthe five groups had specific criteria,
and cases not meeting the criteria in any one ofthe groups were excluded. Before any
case was scrutinized to determine its classification, the chart and casts were evaluated
based on general exclusion criteria. Cases were immediately excluded from the study
if:
(]) The models were chipped and/or no date was present.
(2) The bite registration could not be determined accurately.
(3) A craniofacial syndrome was present.
(4) The lateral cephalogram did not have a date or was ofpoor quality.
(5) The posterior teeth were not in occlusion on the cephalogram.
(6) The age, gender or ethnicity of the patient could not be determined.
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(7) The date ofthe models and lateral cephalograms differed by greater than
three months.
Finally, a previous study has questionedthe reliability ofthe PAR Index in younger
patients, and for this reason, patients under the age of 10 years were not included38.
B. Group Classification
Cases which passed the initial screening process were then examined for
placement into one of five groups. These five groups were classified as mild to
moderate class III, class II division 2, class I with mild to moderate anterior crowding,
mild to moderate open bites, and bimaxillary protrusive. A minimum of 14 cases per
group was required.
Mild to moderate class III cases were defined as those cases in which the lower
molar was mesial to a class I molar relationship. Additionally, a negative overjet or
enough crowding that if corrected, a negative overjet would result, had to be present.
Class II division 2 cases were selected based on traditional criteria. The
exception was that the molar relationship could extend from an end on end
relationship forward to a full cusp class II relationship.
Mild to moderate anteriorly crowded cases were determined to be such if the
molars were class I and the anterior crowding was between 2 to 7 mm. This was
calculated by space analysis and not by contact point displacement.
Open bite cases were characterized by degree ofopen bite measured from the
cephalogram. The open bite was calculated by measuring the distance between two
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lines drawn from the upper and lower incisors perpendicular to a vertical plumb line
39. Measurements calculated ranged from 0 to 6 mm.
Bimaxillary protrusive malocclusions were categorized as such if three
objectives were met. The first criterion was that the case had an interincisal angle of
less than 124 The second criterion was that the maxillary incisor was greater than
1.2 standard deviations forward ofthe line from A-pFH (measured in mm). The third
criterion was that the lower incisor was greater than 1.5 standard deviations forward of
the reference line A-pg (measured in mm). The norms and standard deviations were
obtained by comparing patients with Burstone’s norms40 and those ofHoward
University’s 1979 study ofAfrican American norms.
All cases selected were then arranged at random on a spread sheet. Associated
with each case, was a letter identifying the group the case was assigned to, as well as
the age, gender and ethnicity of the patient.
C. Measurement of Severity and Difficulty of Cases
To measure the severity and difficulty of the cases, a panel of 16 orthodontists
(graduates ofthe American Dental Association accredited orthodontic residency
programs) practicing in Connecticut and .Western Massachusetts participated. Each
examiner was only informed that two sessions, each two hours long, would be
required to evaluate 80 cases. Each examiner included was required to have a
minimum of one year ofpost graduate experience.
Before the scoring ofthe cases began, each examiner was given an explanation
by the chief investigator ofthe expectations, the definition of severity and difficulty,
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and the assumptions that must be presumed. A handout, entitled survey guidelines
was distributed to each examiner. Throughout the study, two assumptions remained
constant. They were that: 1) The patients demonstrate typical compliance, and 2) The
orthodomist should treatment plan with the assumption that resources (i.e. financial)
are not limited. With that in mind, each doctor was instructed to evaluate the models
for each case and give their opinion regarding:
The degree of deviation from ideal occlusion (severity).
2) The difficulty of treatment.
3) The treatmem option best suited for the case, based on the information
provided.
Degree of severity and difficulty was recorded on a five point visual analogue
scale (VAS) (Figure 1). The line for severity was anchored with the terms "no
deviation" from ideal to "very great deviation." The VAS line for treatment difficulty
was anchored with "very easy" on one end and "very difficult" on the other. The
study defined treatment difficulty as the probability that an ideal outcome may be
obtained, and included the treatment duration, mechanics, treatment objectives, etc. in
the assessment. Treatment severity was defined as the degree of deviation from an
ideal occlusion. It was important that each examiner comprehend the distinctions
made by the two definitions before scoring began.
The third component ofthe scoring sheet was unique to this study and referred
to treatment options. The examiner was asked to choose the most likely treatment for
that patient. The panelist could choose one or more ofthe following four choices:
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growth modification (headgear, functional, protraction), extractions (two, four or
other), non-extraction, and/or surgery. If canine impactions were being treated by
exposure, the case was considered to be a non extraction score. Cases were scored as
surgical if orthognathic surgery was prescribed or adult maxillary expansion was
requested. Ifmultiple treatment plans were suggested, the doctors were instructed to
pick the most favorable option which they would recommend to the patient.
Various treatment combinations resulted, necessitating a need to recode the
treatment options into six classifications. The six classifications were; 1) growth
modification including nonsurgical palatal expansion 2) four bicuspid extraction 3)
surgery 4) non extraction 5) surgery with extractions 6) any extraction other than a
four bicuspid.
D. Scoring of Cases
During session one, each examiner scored all 80 cases. The survey guidelines
were handed out to each doctor as a reference to aid in eliminating any confusion. At
the beginning of each session, the investigator would review the protocol and answer
any questions. At time one, each examiner was given only the models of each case, the
scoring sheets and the instructions described previously.
Session two commenced after a minimum of one week from session one.
Greater time was sought between the two sessions to minimize recall bias. Each
examiner was given the same materials-- models, score sheets and instructions, with
however, the added information of a cephalogram. The cephalogram was not traced
and no measurements were provided with the case. Examiners were given discretion
as to how they would view the cephalogram (i.e. light box or not), and as to how much
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they would use the cephalogram in the scoring ofthe case. The scoring sheets were
identical to those used in session one.
E. Reliability
Session three was used to evaluate intra-examiner reliability for the two
previous sessions. A minimum oftwo weeks between sessions was required. Five
examiners scored 60 models, 30 ofwhich were viewed with just the models, while the
remaining 30 were viewed with both models and cephalograms. The same scoring
sheets were used as in the previous time periods.
F. Peer Assessment Rating Index (PAR)
This study concentrates on the impact that the cephalogram has on doctors as
they evaluate a case. Five groups were used to assess this. However, the classification
schemes used are descriptive and diagnostic, but they do not evaluate the deviation
from ideal quantitatively. A measure to help gain a sense ofthe types of cases selected
and used was needed. One such method, which is gaining acceptance as a measure to
help to elucidate the dental deviation from ideal, is the Peer Assessment Rating Index
(PAR).
This study used the PAR Index to assess each case for deviation from ideal.
The PAR Index is thought to be an objective method ofmeasure to assess dental
deviation. It was important tounderstand the range of deviation within and between
the groups of cases used. The investigator was trained and calibrated in the use ofthe
PAR Index by one of its developers, Dr. Stephen Richmond. Calibration was
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important to ensure validity and reliability of the investigator when measuring each
case10, 20.
Five components ofthe PAR Index including upper and lower anterior
segments, left and fight buccal occlusion, overbite, overjet, and finally, centerline were
measured and multiplied by a weighting factor. The weightings of each component
are based on how well subjective orthodontic opinion relates to the PAR score. This is
described in detail by two validation studies ofthe PAR Index 10, 20. In short, certain
components, such as overjet, are weighted more heavily than other components, such
as buccal occlusion. This weighting reflects that anterior-posterior discrepancies
express themselves as a positive or negative overjet respectively.
The measurements were taken by the investigator using the prescribed PAR
ruler. This clear plastic ruler is especially designed to aid in efficiency and
consistency of scores. The ruler incorporates the weightings into the measures on the
ruler and secondly, allows contacts to be completely visible due to the fact that the
ruler is clear.
G. Data Analysis
1. Rasch Measurement
The Rasch measurement analysis was used to transform subjective opinions of
all examiners into logit measures (Refer to the literature review for details ofthe
analysis). This transformation ofthe data accomplished two goals critical for further
statistical analysis. The first step was the mathematical manipulation of all examiner
entries into a common unit ofmeasure called the logit. The second, was the re-scaling
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of each ofthe examiners scores. This process calibrates them all to a single scale with
the same unit ofmeasure, the logit. A statistical software package called FACETS
(3.2) was used as it is capable ofrunning this large a data set41. SPSS for Windows
(Ver. 7.5) was subsequently used for all other statistical comparisons42.
Inter and intra-rater reliability was calculated via the Facet’s program. The
data from time three (casts only) and four (casts and cephalogram) provided the
needed information to test intra-rater reliability. Times three and four consisted of five
judges who re-scored thirty randomly selected cases from the original eighty.
2. Regression Analysis & Contingency Tables
The transformed logit measures for both time one (casts only) and two (casts &
cephalogram) were compared using linear regression. Groups of cases based on the
five classifications were examined at both times using linear regression. Plots of
difficulty and severity were examined for association with regard to times on and two.
Multiple contingency tables were also run to compare treatment option changes
between all groups at each time. The calculated expected scores and standardized
residual (equivalent to a z score) for each cell was used for statistical comparisons.
3. PAR Analysis
The PAR Index was evaluated relative to the raw scores of severity for all
sixteen examiners using standard linear regression. The previously calculated logit
rater scores for severity were also compared to the PAR Index to evaluate and compare
the strengths of association found between raw scores and logit scores.
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Additionally, a separate FACET analysis was mn to evaluate which
components ofthe PAR if any were predictive ofthe variable currently called severity.
This was evaluated by the placement of each ofthe individual components on the
Rasch ruler print out (Figure 1). Relative weights could be assumed because of the
interval nature ofthe data.
RESULTS
A. Sample Selection
Eighty cases were selected from over 1500 cases at the Department of
Orthodontics University of Connecticut Health Center. The screening process
classified the eighty cases into one of five classifications; Class II div2, Class III,
Open bites, Class I with mild crowding, and bimaxillary protrusive as described in the
Materials & Methods. Ofthe five groups described, two groups, mildly crowded and
open bites cases, were quantitatively evaluated to help better identify the qualities
inherent in these two groups. The means and 95% confidence interval for each group
is presented (Figure 2).
The total number of cases were broken down into five groups with percentages
ofthe total ranging from 18.8% for bimaxillary protrusion cases to 22.5% for open
bite cases (Table 8). Irrespective of groupings, the mean age for the sample was 16.4
years +/- 6.16 (Figure 3). The youngest case was ten years of age with the oldest
being forty nine years. The sample was skewed toward men with a total of 61% ofthe
cases being male and the remaining 39% female. The ethnicity of the sample was
skewed with a majority ofthe cases, eighty one percent, being Caucasian.
Approximately ten percent were Hispanic and another eight percent African American
(Table 9).
B. Judges
A total of sixteen examiners from Connecticut and western Massachusetts
participated in the study. The mean number ofyears in practice was 11.4 years with a
median of seven years (Table 10). The training of the judges was vast and included
33
34
six different universities along the east coast. The speed at which the judges scored
varied a great deal and ranged from about 55 minutes to three hours per eighty cases.
C. Evaluation of Severity & Difficulty for All Time Periods
All 2,885 responses were plotted based on judges scores for severity and
difficulty (Figure 4,5). The VAS measured 28mm from the maker labeled one to the
marker labeled five for both scales (severity & difficulty). The mean and standard
deviation for severity was 15.4mm with a standard deviation of 6.85mm while a
similar mean and standard deviation was found for difficulty 14.6 mm. and 6.9lmm.
respectively. By comparing each graph an appreciation for the similarity in both the
median and mode can also be seen.
The same normal distribution for both severity and difficulty was found to
exist for all four time periods. During time period 1 (T1), casts alone were scored.
During T2, casts and cephalograms together were scored. During T3, casts alone were
re-scored by five examiners to test intra-rater reliability. Those same five examiners
re-scored casts and cephalograms together during T4. In all cases visual analog scores
(VAS) obtained from the judges were measured by a digital caliper to the nearest tenth
of a millimeter.
Since the present form ofthe data can only be considered continuous and
ordinal, the data was transformed to logit measures providing interval measures useful
as a scale. Refer to method and literature review for more information.
D. Rasch Measurement of Data
The Rasch analysis analyzed all four times for both severity and difficulty. In
all cases the data were transformed from the raw scores for each case into appropriate
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logit measures (Table 11-14). It was then possible to examine the judges and cases for
each time period independent of each other. In all four runs: severity at time 1, severity
at time 2, difficulty at time 1 and difficulty at time 2 were all found to be normally
distributed (Figures 6-9). This was determined by the viewing the scatter plots for each
test and evaluating the "Random(normal) chi-square"(Table 11-14). This particular
statistic assumes a null hypothesis that all cases are normally distributed. For
example, in the output marked difficulty at time 1, a significance value of .48 was
seen, providing no reason to reject the null hypothesis (Tablel3). This was found to
be true for all other time periods.
The facet summary rulers seen in figures 6-9 are useful in assessing the
dispersion judges and cases displayed when considering severity and difficulty. The
facets(cases and judges) are placed on the horizontal axis along with a the signs "+ or
-" indicating whether the facet measures are positively or negatively orientated. The
vertical axis provides a linear definition of the variable. On the far right of the ruler
the raw VAS scores ranging from 0 mm to 28mm can be seen. On the left we see the
logit scale. Each individual element’s position on the scale helps to identify its
relationship to the surrounding elements. In the output marked severity time 1, we can
see a normal distribution of the examiners does exist with one exception, examiner
number seven (Figure 6). He or she is noticeably deviating from the others in scoring
however, the degree at which the scoring is occurring is not extreme enough to justify
their removal. This graphical representation and other data provided no justification
for actually removing examiner seven or any other judge throughout all time periods.
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1. ReliabiliW
No evidence suggests that there exists an extreme or arbitrary judge in any of
the outputs (Figure 6-9). Imer-examiner reliability (between judges) was calculated to
be .97 for T1 and .98 for T2, considered to be very good. A few unexpected scores
were present in each ofthe time periods. No consistency or pattern was noted within
or between time periods(Tables 15-18). For this reason no case or examiner was
hence eliminated from the study. Intra-examiner reliability was calculated to be .98
considered to be very good. Treatment options evaluated for intra-examiner reliability
ranged from 77% to 57% with a mean of 61% at T1 and 67% for T2. Thirty cases at
each time period were re-examined by five judges with a moderate degree ofreliability
observed.
E. Comparison of Severity & Difficulty
Having properly transformed the data, a linear regression analysis was run for
severity and difficulty at T1 and T2. A very small difference was noted for case
severity between T1 & T2 with an r=.914 (Figures 10). Little difference was also
noted for difficulty between T1 & T2 (Figure 11). It too had a relatively high
coefficient of association equal to 1=.891. Additional tests of association were made
between severity and difficulty at each time period. No apparent difference existed
between severity and difficulty at either time period (Figures 12-13). An r=.888 was
calculated for T1 and an 1=.906 for T2. The idea that severity and difficulty were
measuring differem aspects of the malocclusion was not demonstrated in this study.
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F. Treatment Options
Each examiner chose a treatment plan for each case from four categories: 1)
growth modification (included were functionals, headgear, protraction headgear, etc.)
2)extraction’s (2,4, or other) 3) non extraction, 4) surgery. The result was a total of
twenty nine treatment combinations. The large number of combinations came largely
from the various extraction patterns and the inclusion or exclusion of surgery.
The twenty nine groups were recoded into six groups (refer to methods for
more details). Comparisons within and amongst tables showed two striking
discoveries. The first was that bimaxillary cases demonstrated a doubling from 67 to
127 of four bicuspid extractions between time one (casts only) compared to time 2
(cases scored with cephalogram and casts) (Tables 19,20). This pattern can also be
seen in the smaller reliability samples of times three and four (Tables 21,22). The non
extraction cases behaved exactly opposite to that seen in the four bicuspid group. One
hundred and twenty six non-extractions were chosen at time one compared to eighty
at time two. The doctors treatment decisions were significantly influenced by the
cephalogram. These trends support the hypothesis that the added information of a
cephalogram does influence a doctors treatment decision. Another difference was
observed in the Class II division 2 cases. Seventeen (-6.2 std. residual) four bicuspid
extractions were chosen at time one compared to thirty four(-3.0 std. residual) at time
two(Tables 19,20).
G. PAR
The PAR components for each case were measured by a calibrated orthodontist
trained in its use. All components ofthe PAR were measured. The Rasch analysis was
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run on the PAR components i.e. overjet, overbite, etc., so that a logit measure for each
component was generated. Our analysis failed to find any PAR logit component
except for lateral open bite which was not of significance (Figure 14). This suggests
that every component ofthe PAR(not PAR Index) appears to be important in
describing malocclusions. Lateral open bites failed to be included because this sample
had very few lateral open bites severe enough to score in the PAR. As a result it did
not appear in the analysis. All of the PAR logit components and there weightings can
be seen on the Rasch ruler (Figure 14). Direct inference of the rank order is made
possible by the PAR logit. Apparent is the heavier weighting associated with midline
compared to other components.
1. Validation
Validation ofthe PAR Index occurred by comparing examiners subjective
assessment of case severity to that ofthe PAR Index. To accomplish this a regression
analysis was performed at time 1 which resulted in an 1"=.78 for the observed or pre
logit raw scores and an r=.78 for the logit measures of severity (Figures 15,16).
Slightly lower coefficients of association were noted for time two(casts and
cephalogram) for both the observed severity r=.72 and the logit measure of severity
r=.73 (Figures 17,18). At both time periods, logit measures did not show any effect on
the validation ofthe PAR Index.
DISCUSSION
Using quantitative and qualitative measures, this study examined the added
diagnostic benefits of a cephalogram in the assessment of orthodontic cases. The
results indicate treatment plans do change with the aid of cephalogram compared to
study casts alone. The different cases evaluated were: Class II div. 2, open bite,
bimaxillary protrusion, mildly crowded and Class III cases. Noticeable differences
were most evident in cases classified as bimaxillary protrusive, class II div.2 and open
bite. Specifically, in the bimaxillary protrusion, class II div.2 and open bites the
cephalogram did change the treatment plans significantly but was not reflected in the
severity or difficulty of the cases.
A. Differences in Treatment Options
Tables 19 and 20 demonstrate an approximate doubling of the number of four
bicuspid extractions for bimaxillary protrusion cases between T1 and T2. Conversely,
the number ofnon extraction treatment plans are significantly reduced in the
bimaxillary group between times one and two. Clinically, these results are not
surprising. The most obvious explanation being, the dental casts failed to demonstrate
the skeletal and soft tissue aspects ofthe case. Whether the bimaxillary protrusion
etiology is in fact skeletal and or dental, the manifestations appear to be only properly
assessed with the aid of cephalogram. Caution must be taken in over generalizing
these findings. Specifically, the extent to which the sample represents the bimaxillary
group of cases in the general population, maybe one. This study sampled the most
extreme bimaxillary cases at the university which was based on empirical judgment
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and information described by Lamberton 198043. In the article by Lamberton,
bimaxillary protrusive cases were categorized primarily the interincisal angle and were
placed into three groups. The most severe being those cases with an interincisal angle
less than 124. He describes these cases as those of extreme protrusion which may be
viewed as pathologic rather than as a racial characteristic. The cases used in this study
all had interincisal angles less than 1240 and dentoalveolar protrusion greater than 1.2
standard deviations from their respective norms (refer to methods section for details).
In choosing such extreme cases the benefit was a greater generalizability for
bimaxillary protrusion cases. Ifthe examiners were failing to identify this
classification from dental casts alone in the extreme cases, it is reasonable to assume
that it would be even more difficult to diagnose cases in less extreme cases.
In. other classifications, such as ClassII div.2 a noticeable shift in the number of
extractions was evident. A decrease of almost one half the number of four bicuspid
extraction’s occurred between when the cephalogram was added and not.
Concomitantly at time two, an increase in all non-extraction treatment plans was seen
for the entire Class II div.2 group. It has been demonstrated that ClassII div.2 cases
can be very dissimilar in types of craniofacial morphology44. In fact idemical occlusal
traits have been shown to occur in different craniofacial patterns45, 46. It is probable
that with the added information gained from the cephalogram at T2, the diagnosis
changed reflecting treatment plans more in keeping with a low angle and brachiofacial
skeletal pattern.
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Many studies have examined the cephalometric characteristics and predictors
of anterior open bites47-52. The clinician has been exposed to many studies with
conflicting data and questionable predictor variables39. However incomplete and
contradictory the data may be, the clinician has not been afforded the luxury of
indecision during this time of uncertainty. The demands placed on the clinician have
forced him or her to make the most informed diagnosis and appropriate treatment plan
possible. This study revealed a noticeable trend in the number of surgeries for open
bites evaluated at T2 compared to T1. It is unclear what factors the cephalogram
maybe providing the examiners but is clear from the study that examiners changed
their treatment plans at T2 to included more surgeries and more four bicuspid
extractions. Possibly with a closer evaluation ofthe cephalometric factors,
characteristics may be elucidated that can differentiate the changes examiners see.
B. Intra-rater Reliability
Intra- rater reliability involved re-examining thirty cases by five examiners at
T1 and T2. The reliability was slightly lower than expected with a mean value of61%
for T1 and 67% for T2. This moderate degree of reliability may justifiably make some
trends suspect. However, for differences greater than 3 standard residuals (comparable
to a Z score of 3) it would be unlikely that those extreme values are explained away by
this degree of reliability. Interesting but not surprising was the increase of 6% from T1
to T2 in reliability. This was anticipated to a large degree based on the assumption,
that with more information, a more informed more consistem response would be
likely.
42
A similar study by Hans-Vig, et al.53 evaluated 57 Class II div. 1 cases for
differences found in treatment plans based on different diagnostic records. This
included testing the examiners with; 1) study casts only 2) facial photos and casts 3)
panoramic radiograph facial photos and casts 4)facial photos casts panoramic and
lateral cephalogram. It was concluded that in the majority of cases, casts alone
explained the treatment option selected. The intra-rater reliability for their study
averaged 65%, similar to this studies 61% at time 1 and 67% at time two. Unlike the
present study, the sample used was restricted to Class II div. 1 cases with slightly
different choices oftreatment plans. It also was limited to five examiners compared to
sixteen in this study.
C. Influences of Years in Practice
Examiners throughout this study ranged from one to thirty five years in
practice. Age in practice was not correlated to poorer reliability or bias in the grading
of cases. The Rasch Analysis determined that for both severity and difficulty a normal
distribution ofthe examiners was present. In neither distribution were the oldest or
youngest examiners found to be in the tails of the curves. In addition, there was no
increase in the number of, or pattem of, unexpected results for examiners based on
age. It appears that graduating from a three year accredited orthodontic program
diagnostically places a young orthodontist at par with the rest ofthe more experienced
orthodontists. It could be assumed that this is true for two year programs but by chance
this study incorporated only young examiners who attended three year programs. The
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conclusions are based solely on the interval data presented and further analysis would
be needed to examine treatment options selected relative to age.
D. Severity and Difficulty: Ordinal or Interval
Novel to the orthodontic literature and unique to this study was its handling
and transformation of subjective ordinal measures imo interval measures. Common in
the orthodontic literature are the assumptions that ordinal data can be handled
statistically as interval data. Incorrect leaps are made from methods which encompass
well controlled, thought out studies to the incorrect and inappropriate examination of
the data. A recently published paper examining the design and analysis of audit
indices in orthodontics recognized this difference23. The authors appropriately
discuss the differences ofthe types of data but neglect to address the importance ofthe
independence that must exist between two variables. This important fact must be
established to consider any instrument useful as a measure. An example of
independence, can be demonstrated by thinking of a ruler as a measuring device
(variable 1) to assess the length of a coumer top (variable 2). The ruler is a
measurement instrument which has been calibrated over its life with units equal to an
inch. The counter top is not dependent on the rulers design but is considered
independent. It should not matter who uses the rule to measure the counter top nor
which countertop is being measured. The objective nature of an inch clearly should
not be changing with respect (dependence) to the changing lengths of different counter
tops. In orthodontics, the subjective measures of severity and difficulty must be made
and transformed to an objective measure independent ofthe cases used. That is to say,
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the severity of examiner should not effect inherent difficulty of a case. For example,
If a given case has a defined difficulty and two examiners score the case, it for certain
that each will vary from one another with each spanning different increments ofthe
VAS scale. Only through transformation can the two individuals be calibrated and
compared along a similar scale. In the Rasch Analysis, this common unit ofmeasure
is called the logit or log odds ratio.
This study transformed all ofthe examiners scores into logit measures
providing the basis in which comparisons of arithmetic means was made
possible(means, std: deviations, t-tests). In this study the logit measures of severity
and difficulty at T1 very closely correlated logit measures of severity and difficulty at
T2. Additionally, no differences appears to exist between the variables severity and
difficulty at both T1 andT2 with r=.89 and r=.91 respectively. This was similar to a
finding in a study by DeGuzman et al., in which an attempt to validate the PAR
occurred using the opinions of 11 orthodontists20. A correlation of severity and
difficulty in their study was equal to r=.93. It appears that difficulty and severity are
measuring either the same underlying variable or that the difference between the two
are insignificant in number.
This study showed no significant differences in tests of association when raw
ordinal data, directly from the VAS scales were compared to the logit measures.
Unfortunately the nature ofthe sample provided little changes noticeable after
transformation. It would still however be incorrect to consider performing statistical
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analysis on data derived from observations because tests ofmeans and Pearson’s
Regression analysis require interval data..
One powerful aspect ofthe Rasch analysis not mentioned, is the aspect of
unexpected responses. The Rasch analysis provides not only a transformation function
of the data but also it provides insight into cases or judges which are inappropriate and
considered outliers. It is unique in this regard and useful for filtering out judges or
components ofvariables (PAR Index) which are erratic and extreme.
E. PAR Index
Validation ofthe PAR Index using British weightings resulted in an r=.78 for
T1 and r=.73 for T2. It appears that the PAR Index is a fairly valid measure of
severity. This compares favorably to previous studies which have also validated the
PAR Index using only study casts, r=.85 and .8310, 20. An observed drop in the
regression coefficient between the PAR Index and T2 was quite small, however,
predictable. This in part because the PAR Index is specific for the assessment of
occlusal traits only. From this study and others it is apparent that the PAR Index is a
fairly good means of quantifying severity.
It is just as clear from the Rasch analysis that all of the components ofthe PAR
are predictive of a malocclusion (Figure 14). The greatest degree of skepticism
associated with the PAR has been its failure to consider every segment of the
malocclusion in the Index. The PAR has various measures which are not included in
the Index because oftheir poor association to severity. Most notable exclusions
include the lower anterior segment and fight and left buccal segments. Clinically the
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exclusion has been a problem clinicians have rightfully had. It is a problem inherent it
its design since the validation depends on the subjective opinions of orthodontists and
not the objective measuring instrument. The bases ofthe weights and the categorical
measures present on the ruler have been generated and "forced" by the subjective
clinical opinions of orthodontists through regression analysis. It has not been
generated by the cases themselves and the interval measures of a ruler. This study
shows graphically and numerically along the logit scale the relative importance each
component independent of severity (Figure 14). Novel to this analysis is the concept
that the cases and the ruler themselves drive the variability and hence the eventual
weightings of each component. The PAR components are treated as independent
FACETS ofthe malocclusion and are thus objective measures of occlusal traits. This
analysis is only one example ofthe utility of the Rasch Modeling system. What this
model shows is a new an objective method in which judges are examined independent
of the cases which is an essential step in creating a truly objective measure of a
malocclusion.
FUTURE STUDIES
It is important that the orthodontic community appreciate the importance of
characterizing malocclusions in practice versus the general population. Future
investigations should concentrate on determining the prevalence rates of various types
ofmalocclusions observed in clinical settings and not in the general population.
Possible clinical settings evaluated could include, universities, private practice and
management service organizations. By better characterizing the prevalence of
different malocclusions more accurate studies may be designed and more powerful and
meaningful conclusions may be drawn.
It is apparent from this study that cephalograms appear to make a difference in
treatment planning of a case. Further studies should focus on finding the possible
cephalometric variables which effected the treatment planning differences found in the
bimaxillary protrusion cases, Class II div. 2 and open bite cases. This may be
accomplished through a combination of cephalometric analysis and survey protocols
which would concentrate on those measures most important in decision making. By
identifying those variables, needed information to help quantify and categorize the
components into a cephalometric index would then be possible.
It would be just as important to improve the PAR Index in a manner which
would make it more objective. To accomplish this, the PAR Index should be analyzed
using the Rasch model. This would require appreciating the areas ofweakness to
develop a new unbiased measurement system. A modified PAR Index would need to
consist of components from the PAR and any additional components clinically
important that are measured from the start as interval data. Once this has been
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accomplished the cases would need to be evaluated independent ofthe judges (Rasch
Model). Thus, it will provide an objective measure of occlusal deviation unbiased by
examiners.
CONCLUSIONS
1) The cephalogram in addition.to study casts does influence treatment planning in
the bimaxillary protrusion, class II div. 2. and possibly, open bite cases. The
variables severity and difficulty however, are not helpful in discerning these
changes in treatment.
2) No apparent difference exists between clinical severity and difficulty for cases
examined using study casts alone compared to study casts and cephalogram
3) A strong association between orthodontic severity and difficulty exists when
considering cases based on study casts alone or study casts and cephalograms.
4) The PAR Index is a reasonably valid tool when comparing it to an orthodontists
perception of severity. However, when analyzed by the Rasch Analysis, the PAR
Index appears to omit important occlusal traits and inappropriately weighs the
components that are included.
5) The Rasch Model is an appropriate tool in the transformation of ordinal
observations to interval data.
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APPENDIXES
APPENDIX A
Dental Care Programs
Resolution NO. COHC 1-76
April 28,1976
Limitations of care by defining severity ofmalocclusion or priority of treatment by
indices or system of rating when, indeed, the insured requires treatment and has been
assured orthodontic provisions under a prepaid program, is in opposition to the policy
ofthe American Association of Orthodontists.
Dental Care Programs
Resolution NO. COHC 1A-82
May 5,1982
Privately Funded Programs
Classification or coding systems based on types ofmalocclusion are deemed unfairly
restrictive because of innumerable complexities and variables of orthodontic
problems,
and, therefore, should not be consideration in qualifying for coverage.
Publicly Funded Programs
The standard recommended for privately funded programs are also recommended
for publicly funded programs.
Dental Insurance
Resolution NO 17S 1-85 BT
May 8,1985
Resolved, it is the policy ofthe American Association of Orthodontists that the
Handicapping Malocclusion Assessment Records (Salzman Index) is not suitable as a
vehicle for qualifying an individual for orthodontic treatment.
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APPENDIX B
Tables
Table 1. Components of the PAR Index
1. Upper and lower anterior segments
2. Left and fight buccal occlusion
3. Overjet
4. Overbite
5. Centerline
Table 2. Contact Point Displacement Scores
Score Displacement
0 Omm. to lmm.
1 1. lmm. to 2mm.
2 2. lmm. to 4mm.
3 4.1mm. to 8mm.
4 greater than 8mm.
5 impacted tooth
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Table 3. Mixed Dentition Crowding Assessment
Maxilla
Canine
1 st Premolar
2nd Premolar
Total 22mm. (impaction <= 18mm)
Mandible
Canine
1 st Premolar
2nd Premolar
Total 2lmm. (impaction <= 17mm.)
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Table 4. Buccal Occlusion Assessments
Antero-posterior
Score
0
1
2
Good interdigitation Class 1, II or III
Less than half unit from full interdigitation
Half a unit (cusp to cusp)
Vertical
Score
0
1
No open bite
Lateral open bite on at least two teeth greater than 2mm.
Transverse
Score
0
1
2
3
4
No crossbite
Crossbite tendency
Single tooth in crossbite
More than one tooth in crossbite
More than one tooth in scissors bite
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Table 5. Overjet Assessment
Overjet Anterior crossbite
Score
0
1
2
3
4
Score
0 to3mm. 0
3.1 to 5mm. 1
5.1 to 7mm. 2
7.1 to 9mm. 3
Greater than 9mm. 4
No crossbite
One or more teeth edge to edge
One single tooth in crossbite
Two teeth in crossbite
More than two teeth in crossbite
Canine crossbites are recorded in the overjet assessment.
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Table 6. Overbite Assessment
Open Bite
Score
0 No open bite
Open bite <=1 1
Open bite 1.1 to 2mm 2
Open bite 2.1 to 3mm 3
Open bite >= to 4mm
Overbite
Score
0 Less than or equal to one third the
coverage of the lower incisor
Greater than one third but less than two
third coverage ofthe lower incisor
Greater than two thirds coverage of the
lower incisor
Greater than or equal to full tooth
coverage
Table 7. Centerline Assessment
Score
0
1
2
Coincident and up to one quarter lower incisor width
One quarter to one half lower incisor width
Greater than one half lower incisor width
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Table 8. Frequency of cases by groups
Frequency Percent
Bimaxillary 15 18.8
Protrusion
Mild 14 17.5Crowdinq
Open bite 18 22.5
Class II div. 17 21.32
Class III 16 20.0
Total 80 100.0
Cumulative Percent
18.8
36.3
58.8
80.0
100.0
Table 9. Ethnicity of sample
Caucasian
Frequency Percent
65 81.3
Total
African
American
Hispanic
Asian
6 7.5
8 10.0
1.3
80 100.0
Cumulative %
81.3
88.8
98.8
100.0
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Table 10. Years in practice
N
Judges 16
Mean
11.3750
Median
7.0000
Std.
Deviation
11.1647
Table 11. Logit scores for severity time 1
Dental Severity for only(time i)
Table 7.1.I Report (arranged by MN).
Obsvd Obsvd Obsvd Model
Average PtBis
61 16 3.8 -.66 .09
65 15 4.3 .60 .09
16 -.48 .07
16 -.44 .07
114 16 7.1 -.35 .07
113 15 7.5 .31 .07
132 16 8.3 .27 .06
141 16 8.8 .24 .06
146 16 9.1 .06
152 16 9.5 .20 .06
164 16 10.3 .15 .06
172 16 10.8 -.13 .06
180 16 11.3 -.i0 .06
179 16 11.2 i0 .06
179 16 11.2 -.i0 .06
179 16 11.2 -.i0 .06
183 16 11.4 -.09 .06
191 16 11.9 -.06 .06
193 16 12.1 -.05 .06
199 16 12.4 -.03 .06
200 16 12.5 .06
204 16 12.8 .02 .06
204 16 12.8 -.02 .06
175 14 12.5 -.02 .06
190 15 12.7 -.01 .06
16 13.3 .06
200 15 13.3 .06
214 16 13.4 02 .06
213 16 13.3 02 .06
199 15 13.3 02 .06
216 16 13.5 03 .06
222 16 13.9 05 .06
206 15 13.7 05 .06
16 14.1 .06
225 16 14.1 .06
235 16 14.7 09 .06
237 16 14.8 I0 .06
220 15 14.7 i0 .06
241 16 15.1 ii’ .06
16 15.0 ii .06
231 15 15.4 13 .06
238 15 15.9 15 .06
257 16 16.1 16 .06
257 16 16.1 16 .06
259 16 16.2 17 .06
260 16 16.3 17 .06
243 15 16.2 17 .06
16
267 16 16.7 .20
270 16 16.9 .06
274 16 17.1 .22
273 16 17.1 .22 .06
281 16 17.6 .25 .06
283 16 17.7 .25
282 16 17.6 .25 .06
284 16 17.8 .26 .06
289 16 18.1 .27 .06
280 15 18.7 .31 .06
300 16 18.8 .31
305 16 19.1 .33 .06
308 16 19.3 .34 .06
15 19.9 .39 .06
324 16 20.3 .40 .06
326 16 20.4 .41 .06
332 16 20.8 .43
335 16 20.9 .44 .06
321 15 .47
352 16 22.0
351 16 21.9 .50 .06
333 15 .07
361 16 22.6 .54 .06
340 15 22 .54 .07
16 22.6
349 15 23.3 .59
377 16 23.6 .61 .07
23.6 .62 .07
15 24.5
16 24.6 .69 .07
16 24.9 .72 .08
406 16 25.4 .77
.59
.29
-.16
.07
.21
.40
.41
.37
.40
.49
.48
.43
.30
.60
57
.67
62
.47
.40
55
65
.56
.54
.60
.58
.77
.70
.73
.78
.74
.42
17
.88
.71
.47
.46
74
.69
78
.38
.75
.68
.29
.72
-.09
55
.76
61
81
47
48
30
53
61
55
43
66
31
49
58
.74
63
19
62
49
46
30
54
71
54
64
51
Obsvd Obsvd Obsvd Model
Average PtBis
245.2 15.8 15.6 .14 .06 .51 (Count: 80)
80.2 5.1 .30 .01 .20
RMSE (Model) .06 Adj .30 Separation 4.72 Reliability .96
Fixed (all same) chi-square: 1526.8 d.f.: significance: .00
Random (normal) chi-square: d.f.: 78 significance: .48
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Table 12. Logit score for severity time 2
Dental Severity for and Cephalogram (time=2)
Table 7.1.1 Report (arranged by MN).
Obsva Obsvd Obsvd Model
Average PtBis
82 16 5.1
107 16 6.7
126 16 7.9
142 16
144 16 9.0
147 16 9.2
153 16 9.6
160 16 i0o0
159 16
163 16 10.2
165 16 10.3
165 16 10.3
165 16 10.3
175 16 10.9
184 16 11.5
190 16 ii
191 ii
190 16 ii
176 15 ii
192 16 12
198 16 12
207 16 12
193 15 12.9
208 16 13
210 16 13
211 16 13
211 16 13
218 16 13
220 16 13
218 16 13
226 16 14
227 16 14
229 16 14
231 16 14
234 16 14
238 16 14
238 16 14.9
242 16 15.1
242 16 15.1
242 16 15.1
242 16 15.1
244 16 15.3
228 15 15.2
249 16 15.6
248 16 15.5
252 15.8
254 16 15.9
255 16 15.9
257 16
259 16.2
262 16 16.4
265 16 16.6
271 16 16.9
275 16 17.2
258 15 17.2
277 16 17.3
299 16 18.7
298 16 18.6
307 16 19.2
313 16 19.6
292 15 19.5
323 16 20.2
-.56
.43 .07
-.34 .07
-.28 .06
-.27 .06
-.26
.23 .06
-.21 .06
-.21
.20 .06
19 .06
.06
19 .06
15
.06
I0 06
.34
.72
.60
.58
.36
.74
.07
.40
.17
67
.52
.78
.75
.37
38
75 14
43 69
53
59 33
76 78
72
54 17
08 52
80 41
82 45
72 51
56
73 25
63 66
73 27
82 57
60 59
84
29 I0
56 20
73 60
36
77 28
64
52 75
62 43
84 50
88 12
76 31
63 19
81 38
77 62
73 35
67 40
54 65
75 76
69 46
80 71
56 48
25 61
85 18
43 49
36
76 56
44 30
i0
I0
09
07
04
-.04
-.04
-.03
03
00
00
03
03
O4
05
06
06
08
08
09
I0
i0
ii
12
12
13
14
15
322 16 20.1
281 14 20.1
301 15 20.i
333 16 20
340 21
340 16 21
343 16 21
345 16
345 16 21
350 16 21
351 16 21
329 15 21
368
370 16 23
371 16 23.2
376 16
376 23.5
400 16 25.0
37 06
37 07
38 07
42 07
07
45 07
46 07
47
47 07
49 07
.50
.51 07
.58 O7
.59 07
07
81
48
73
42
78
65
66
41
46
72
.77
.53
18
.57
.62 56
77 .53
32
54
77
67
74
34
44
73
37
24
70
16
26
47
Obsvd Obsvd Obsvd Model
Average Measure PtBis
247.4 15.9 15.6 .ii .06 .60 (Count: 80)
71.2 0.4 4.5 .27 .01 .19
(Model) .06 Adj .26 Separation 4.23 Reliability .95
Fixed (all same) chi-square: 1298.9 d.f.: 79 significance: .00
Random (normal) chi-square: 78.2 d.f.: 78 significance: .47
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Table 13. Logit score for difficulty time 1
Dental Difficulty for alone (time I)
Table 7.1.1 Report (arranged by MN).
Obsvd Obsvd Obsvd Model
Average Measure PtBis
64 16 4.0
16
16 6.1
i01 6.3
125 16 7.8
119 15
123 15
133 16
140 16
127 15
145 16
146 16
159 16
166 16 i0
163 15 i0
176 16 ii
176 16 ii
167 15 Ii
165 15 ii.0
191 16 11.9
192 16 12.0
192 16 12.0
179 15 11.9
200 16 12.5
202 16 12.6
207 16 12.9
195 15 13.0
209 16 13.1
213 16 13.3
213 16 13.3
219 16 13.7
217 16 13.6
216 16 13.5
225 16 14.1
216 15 14.4
233 16 14.6
234 16 14.6
239 16 14.9
240 16 15.0
238 16 14.9
241 16 15.1
223 15 14.9
242 16 15.1
245 16 15.3
245 16 15.3
248 16 15.5
238 15 15.9
258 16 16.1
263 16 16.4
267 16 16.7
270 16 16.9
253 15 16.9
268 16 16.8
275 16 17.2
279 16 17.4
258 15 17.2
268 15 17.9
282 16 17
291 16 18.2
266 15 17.7
293 16 18.3
297 18.6
300 18.8
281 15 18.7
16 19.1
309 16 19.3
310 16 19.4
311 19.4
315 19.7
270 14 19.3
318 16 19.9
15 19.9
16 20.6
316 15 21.1
344 16 21.5
15 21.3
16 21.6
353 16 22.1
356 16 22.3
333 15 22.2
-.54 08
-.45 07
-.39 06
-.37
-.29 06
-.29 06
-.27
-.26 06
-.24 06
-.24
-.22 06
-.22
18 05
16 05
-.14 06
-.13 05
-.13 05
-.13 06
-.i0 O6
05
05
-.08 05
07 06
-.06 05
-.05 05
-.04 05
-.04
-.03 .05
02 05
02 .05
01 .05
01 .05
01 .05
01 .05
02 .06
03 .05
.05
05 .05
05 .05
05 05
.05
.06
.05
07 .05
07 .05
.05
ii .06
.05
12 .05
13 .05
14
14
14 05
17 .05
17 .06
18 .06
18 .06
20 .06
20 .06
21 06
22 .06
23
23 .06
25 .06
26 .06
26 .06
27 .06
.06
28
29 .06
29
33 .06
36 .06
38 .06
.06
39 .06
42 .06
.06
44 .07
.53
25
42
.i0
.75
.31
39
20
29
79
22
46
48
73
79
81
60
67
.29
.56
.47
.71
.13
.50
.21
.56
.81
62
.74
.65
.71
.68
.83
.75
.82
.74
.80
.58
.81
.64
.70
.68
.85
.61
.77
.73
.45
62
.75
.73
.70
.58
.80
.53
.81
.79
.38
.73
.48
.83
.45
.32
.78
.82
.79
.66
.33
.58
.31
.69
.32
.57
Obsvd Obsvd Obsvd Model
Average PtBis
231.6 15.7 14.7 .05 .59 (Count: 80)
68.7 0.5 4.4 .22 .21
(Model) Adj .21 Separation 3.67 Reliability .93
Fixed (all same) chi-square: 1014.1 d.f.: 79 significance:
Random (normal) chi-square: 78.1 d.f.: 78 significance: .48
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Table 14. Logit score for difficulty time 2
Dental Difficulty 06-29-1999 09:52:09
Table 7.1.1 Report (arranged by MN).
Obsvd Obsvd Obsvd Model
Average
91 16
115 16
118 16
136 16
135 16
147 16
148 16
148 16
152 16
157 16
150 15 i0
172 16 I0
175 16 i0
178 ii
184 16
187 16 ii
188 16 ii
192 16 12
193 16 12
192 16 12
195 16 12
12
201 12
188 15 12
204 16 12
188 15 12
189 15 12
206 16 12
206 16 12
210 16 13
210 16 13
210 16 13
179 14 12
216 16 13
213 16 13
223 13
225 16
16 14224
229 16 14
229 16 14
232 16 14
16 14
16 14
233 16 14
231 16 14.4
237 16 14
241 16 15
243 16 15
251 16 15
253 16 15
247 15 16
261 16
242 15 16
16 16
265 16 16
263 16 16
266 16 16
273 16 17
255 15 17
279 16 17
280 16 17
282 16 17
292 16 18
262
302 18
309 16 19
16
19
311 16 19
320 16
325 16 20
324 16 20
285 20.4
329 16 20.6
331 20.7
332
321 15 21.4
348 16 21.8
355 16 22.2
359 16 22.4
Obsvd Obsvd Obsvd
Average
232.1 15.8 14.7
61.1 0.5
PtBis
-.42 06 .50 55
-.33 06 .24
06 .64 39
-.26
-.26 06 .59 53
-.23 .35 15
-.22. 06 .55 23
-.22 06 .51 79
-.21 06 .38 14
-.20 06 .72 Ii
-.16 12
-.15 05 .75
-.14 05 .63 42
-.13 05 .57 33
-.12 05 .73
-.ii 05 .33 63
-.i0 05 .33 45
-.09 05 .55 19
-.09 05 .67 58
05 .43
05 .49 20
05 .83
-.07 05 .57
-.06 05 .44
-.06 05 .71
-.06 05 .30 17
-.06 05 .62 50
05 05 .75 27
05 05 .48 46
04 05 .60 13
04 05 .70 28
04 05 .62 51
03 06 .52
03 05 .66
03 05 .82 59
01 05 .43 25
05 .78
00 05 .83 75
01 05 .51 41
01 .79
02 05 .30
02 05
35
02 05 .23 60
02 05
03 05 .85 71
04 05 85 64
05 05
07 05 .51 65
05 61
i0 06 .77
i0 .47 40
i0 48
II 05 .54
ii .85 29
II 05 .32 32
1% 05 .76 62
13 05 .60 22
13 06 36
15 05 I0 52
15 05 .44 54
16 05 .57 I0
19 06 .67 49
22 .58
22 .61 74
24 .56 21
25 06 .49
25
25 06 .65 34
28 .51
30 06 .34 56
30 .75 67
06 .59 77
31 06 73
32 06 .69 37
06 .69 44
37 06 :79 24
06 47
41 06 .59 72
43 07 .54 70
Model Infit Outfit
MnSq ZStd MnSq ZStd PtBis
.03 .06 1.0 -0.2 1.0
-0.31 .59 (Count: 80)
.19 .00 0.5 1.4 0.5 1.41 .17
(Model) .06 Adj .18 Separation 3.19 Reliability .91
Fixed (all same) chi-square: 795.3 d.f.: 79 significance: .00
Random (normal) chi-square: 78.1 d.f.: 78 significance:
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Table 15. Unexpected responses for severity time one
Dental Severity
Table 4.1 Unexpected Responses (13 residuals sorted by order in data).
Cat Exp. Resd StResl Ca Ju
4 17.3 -13.3 -3
17 3.3 13.7 5
i0 22.4 -12.4 -3
0 22.5 -22.5 -5
i0 23.5 -13.5 -3
28 14.9 13.1 3
24 8.9 15.1 3
i0 22.5 -12.5 -3
25 10.6 14.4 3
7 20.7 -13.7 -3
7 20.6 -13.6 .-3
25 8.2 16.8 4
7 19.8 -12.8 -3
3 5
7 15
16 1
22 14
24 9
27 16
39 9
44 1
45 1
49 16
61 16
69 1
71 16
Cat Exp. Resd StRes
Judge=Ja
Case=Ca
Std. Residual=StRes
Table 16. Unexpected responses for severity time two
Dental Severity
Table 4.1 Unexpected Responses (9 residuals sorted by order in data).
Cat Exp. Resd StResl Ca Ju
22 6.8 15.2 4
7 20.6 -13.6 -3
17 5.7 11.3 3
21 8.3 12.7 3
17 5.5 11.5 3
21 7.3 13.7 3
21 8.5 12.5 3
7 21.0 -14.0 -3
0 17.0 -17.0 -3
Cat Exp. Resd
i0 15
44 8
52 15
53 8
55 13
58 9
63 8
68 14
72 15
StResl Ca Ju
Judge=Ja
Case=Ca
Std. Residual=StRes
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Table 17. Unexpected responses for difficulty time one
Dental Difficulty
Table 4.1 Unexpected Responses (8 residuals sorted by order in data).
Cat Exp. Resd StRes
0 14.6 -14.6 -3
21 3.0 18.0 6
0 20.5 -20.5 -4
18 5.7 12.3 3
24 8.3 15.7 3
14 25.2 -11.2 -3
17 4.4 12.6 3
14 3.1 10.9 3
7 7
7 15
16 16
27 .8
39 9
44 1
63 ii
69 8
Cat Exp. Resd StResl Ca Ju
Judge=Ja
Case=Ca
Std. Residual=StRes
Table 18. Unexpected responses for difficulty time two
Dental Difficulty
Table 4.1 Unexpected Responses (8 residuals sorted by order in data).
Cat Exp. Resd StResl Ca Ju
28 11.7 16.3 3
0 16.1 -16.1 -3
0 15.2 -15.2 -3
28 9.8 18.2 3
7 20.5 -13.5 -3
21 7.7 13.3 3
21 7.2 13.8 3
14 24.4 -i0.4 -3
Cat Exp. Resd StResl
5 9
7 7
i0 9
52 8
54 13
55 13
60 8
70 1
Ca Ju
Judge=Ja
Case=Ca
Std Residual=StRes
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Table 19. Multiple Contingency Table for Time 1 (Casts only)
Modifiction
L;ounI
Expected
Count
% within
RECODE
Std.
Residual
30
28.3
18.5%
.3
39
36.3
24.1%
.5
75
34.8
46.3%
6.8
9
32.9
5.6%
162
162.0
100.0%
Total
Expected
Count
% within
RECODE
Std.
Residual
Count
Expected
Count
% within
RECODE,,
44.9
6.9%
42.8
21.6%
220
220.0
17.5%
54.8
20.0%
282
282.0
22.4%
52.7
40.0%
271
271.0
49.8
11.4%
256
256.0
21.5% 20.3%
245.0
100.0%
1260
1260.0
100.0%
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Table 20. Multiple Contingency Table for Time 2 (Casts & Cephalogram)
’R-uuUE rowm ’Uount
Modifiction Expected
Count
% within
RECODE
Std.
GROUP
Bimax.
6
32.5
3.5%
-4.6
37
30.3
21.4%
1.2
34
38.7
19.7%
-.8
88 8
37.0 34.5
50.9% 4.6%
8.4 -4.5
173
173.0
100.0%
Other exo Count
Expected
Count
% within
RE
Std.
ual
10
38.9
4.8%
-4.6
42
36.3
20.3%
1.0
223
223.0
17.5%
42
46.3
20.3%
-.6
87
44.2
42.0%
6.4
26
41.3
12.6%
-2.4
285 272 254
285.0 272.0 254.0
22.4% 21.4% 20.0%
207
207.0
100.0%
1273
1273.0
100.0%
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Table 21. Multiple Contingency Table for Time 3 (Intra-Reliability for Casts Only)
-L;uU’ t Uount
Modifiction Expected
Count
% within
RECODE
Std.
Residual
GROUP
3.7%
-1.8
4 Count
Bicuspids Expected
Count
%
R DE
Std.
Residual
Surgery "Count 2
non-exo. Expected 4.1Count
% within
RECODE 9.5%
Std.
-1.0Residual
Non-exo. CoUnt
Expected
Count
% within
RECODE
Std.
Residual
SurgeW & Count
exo. Expected 2.5Count
% within
RECODE .0%
Std.
-1.6Residual
Other exo count 3
Exacted 7.2
8.1%
-1.6
36
36.0
Count
% wrdin
RECODE
Std.
ual
To’l count
Expected
Count
% wiin
RECODE
5.2
Mild
22.2%
19.4%
.3
Open
10
7.8
37.0%
.8
Classll
div2 Classlll
lO o
4.4 4.4
37.0% .0%
2.7 -2.1
Total
’27
27.0
100.0%
14 0 5 21
4.1
.0%
-2.0
6.1
66.7%
3.4
.0%
3.4
23.8%
.9
2.5
.0%
7.2
56.8%
3.8
7.7%
-1.4
10.7
13.5%
il .8
2.1
.0%
-1.4
6.0
13.5%
-.4
2.1
92.3%
6.8
6.0
8.1%
-1.2
36 54- 30 30
36.0 54.0 30.0 30.0
19.4% 29.0% 16.1% 16.1%
21.0
100.0%
13.0
100.0%
37.0
100.0%
186
186.0
100.0%
Table 22. Multiple Contingency Table for Time 4 (Intra-reliability for casts &
Cephalogram)
HL;UU 3rowtn
Modifiction
uount
Expected
Count
% within
RECODE
0
2.3
.0%
3
1.7
17.6%
3 8
2.8 5.0
17.6% 47.1%
3
5.t
17.6%
17
17,0
100.0%
Std,
-1.5 1.0 .1 1.3 -.9ual
4 Count 13 33
B=cusp=ds Ex ected% . . o.o .oL
:o=, 39.4% 100.0%.o%
Std
Residual
Surge Count 0 0 6 3 20 29
non-exo.
3.9 2.9 4.9 8.6 8.7 29.0Count
% within
.0% .0% 20.7% 10.3% 69.0% 100.0%RECODE
Std.
Residual -2,0 -1.7 .5 -1.9 3.8
NoBxo Count 9 56
d 5.6 9.4 16.9 56.0
=
25.0% 25.0% 16.1% 100.0%
. 3.5 1.5 -1 9Res=dual ;;
Surge & Count 0 0 0 1’ 8 9
exo. Exacted a 7 a nCount
% within o o o o o
RECODE .0 .0 .0 11.1 88.9 100.0
Std
ReSidual -1.1 -.0 -1.2 -1.0 3.2
Otherexo Count 0 0 6 28" 35
d 4.7 3.5 5.9 10.4 10.6 35.0
% within o 17REOD, .o .0 .1% 80.0 2.9 100.0
esidual -2.2 -1.9 .1 5.5 -2.9g;"n;
,,.o ,o.o ,.o ,,9.o
% wiin o
RECODE 13.4 10.1 16.8 29.6 30.2 100.0 Vo
APPENDIX C
Figures
l logit logit
Measure (Iogits)
At the tails, 1 logit =2 expected; in the middle 1 logit =7 expected
Figure 1. Logit scale and the transformation of expected score (raw data)
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69
-2
-4
N=
CROWDING OPENBITE
CROWDING
OPENBITE
N Minimum Maximum
14 .80 6.8O
18 -5.66 .00
Mean
3.0357
-2.3633
Std.
Deviation
2.0300
1.4435
Figure 2. Measurement ofcrowding and open bite
7O
10,
0
10 15 20 25 35 40 45
Std. Dev 6. t6
Mean 16
N 80.00
Years in Practice
Figure 3. Age of sample
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600-
500,
400.
300
200
100 Std. Dev = 6.85
Mean = 15.4
N 2895.00
"0 "0 "0 "0 "0 "0 "0 "0 "0 "0
Visual Analog Scale Measurements in Millimeters
Figure 4. Severity total for all cases at all times
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600
500
400
300
200
100
0
Std. Dev 6.91
Mean = 14.6
N = 2885.00
"0"0 0 "0 "0 "0 "0 "0 "0:0
Visual Analog Scale Measurements in Millimeters
Figure 5. Difficulty total for all cases and all times
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Dental Severity for casts only (time I)
Table 6.0 All Facet Vertical "Rulers".
Vertical (IN,2N) Yardstick (columns,lines,low,high)= 0,I0,-i,i
Measrl+Case -Judge
+ 1 + +
5 47 72
24 37 70
16 22 36 44 67 68 73
12 21 30 74 77
18 32 34 35 49 54 56 15
2 3 17 29 38 40 43 46 48 60 61 65 71 8
8 9 31 59 62 64 66 76 3 11 12
+ (28) +
26
25
24
22
20
19
17
15
0 11 14 19 25 28 .41 42 50 51 52 57 75 78 80 * 1 2 5 6 9 13 14 13
4 ii
i0 16 9
8
7 6
5
4
3
2
+ -1 + + + (0) +
Measr +Case -Judge S. 1
6 10 13 15 27 33 45 53
4 39 58 69
20 79
1 7
23
63
55
Figure 6. Rasch ruler for severity time 1 (casts only)
Dental Severity for Casts and Cephalogram (time2)
Table 6.0 All Facet Vertical "Rulers".
Vertical (1N,2N) Yardstick (columns,lines,low,high)= 0,10,-1,1
IMeasrl+Case l-Judge IS.1
+ 1 +
47
5 16 26 70 72
22 24 34 37 44 73
21 32 54 67 68 74 77
18 30 36 49 56
46 48 61 71 76
2 i0 12 19 20 28 31 35 38 40 43 50 60 62 64 65 75
0 8 9 17 25 27 29 41 45 51 52 57 59 66
4 13 14 33 58 69 78
3 6 ii 42 53 63 79 80
1 15 23 39
7
55
+ -i +
+ +(28) +
26
25
24
22
15 21
19
9 Ii 18
2 3 8 12 16
1 6 14 14
4 5 13
10 16
7
+
12
10
8
7
6
4
3
2
+(0) +
IMeasrl+Case l-Judge IS.1
Figure 7. Rasch ruler for severity time 2 (casts & cephalogram)
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Dental Difficulty
Table 6.0 All Facet Vertical "Rulers".
Vertical (1N,2N) Yardstick (columns,lines,low,high)= 0,10,-1,1
Measr +Case
+ 1 +
16 24 26 37 44 70 72
21 30 34 36 47 54 67 68 73
3 18 22 38 40 49 56 62 65 74 77
-Judge
8
6 15
+ (28) +
27
26
25
24
22
20
18
2 10 17 29 31 32 35 41 46 48 52 59 60 61 64 5 II 16
0 5 8 12 13 14 25 43 50 51 66 71 75 76
6 9 11 15 19 27 33 42 57 78 80
4 20 39 45 53 58
23 28 69 79
1 7 63
55
16
2 3 4 9 13 14
10 12 14
1
7
+
12
9
7
5
4
3
2
+(0) +
Figure 8. Rasch ruler for difficulty time 1 (casts only)
Dental Difficulty
Table 6.0 All Facet Vertical "Rulers".
Vertical (IN,2N) Yardstick (columns,lines,low,high)= 0,10,-1,1
IMeasr+Case
+ 1 +
24 47 70 72
26 30 34 37 44 56 67 73 77
i0 16 21 49 52 54 68 74
18 22 29 32 36 38 40 48 61 62 65
-Judge
+
8
6 15
5 9 ii
0 2 3 5 8 13 25 28 31 35 41 43 51 59 60 64 66 71 75 76 2 14 16
4 9 17 19 20 27 33 42 45 46 50 57 58 63 69 78 80
6 11 12 14 15 23 79
1 7 39 53
55
+ -I + +
1 3 4 12 13
10
7
Measr+Case l-Judge
+ (28) +
27
26
25
24
22
21
19
17
14
12
9
7
6
4
3
2
1
+(0) +
Figure 9. Rasch ruler for difficulty time 2 (casts & cephalogram)
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.6
.4
.2
0.0
-.6
o
GROUP
Class III
Class II Div. 2
Open bite
Mild Crowding
m Bimax. Protrussive
Total Population
Logit severity at time 2
Model R
1 .914
Model Summary
R Square
.835
Adjusted
R Square
.833
Std. Error
of the
Estimate
.1243
Sum of
Model Squares
1 Negresslon 6.082
Residual 1.205
Total 7.288
ANOVA
Mean
df Square
6.082
78 1.545E-02
79
F
393.683
Sig.
Figure 10. Regression analysis of severity for casts (time 1) vs. casts and
cephalogram (time 2)
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.2
GROUP
o Class III
Class II Div. 2
Open bite
Mild Crowding
m Bimax. Protrussive
Total Population
Logit difficulty at time 2
Model
Model Summary
R
.891
R Square
.794
ANOVA
Sum of
Model Squares df
1 htegresson 2.957 1
Residual .765
Total 3.722 79
Adjusted
R Square
.792
Mean
Square
2.957
78 9.811E-03
Std. Error
of the
Estimate
9.905E-02
F
301.341
Sig.
.000
Figure 11. Regression analysis of difficulty for casts (time 1) vs. casts and
cephalogram (time 2)
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.8
.6
.4
.2
0.0
(/) -.6
o 8
0
0
0 0
0 0
0
0
0
.’
GROUP
o Class III
Class II Div. 2
Open bite
Mild Crowding
e Bimax. Protrussive
.6
Total Population
Logit difficulty at time 1
Model R
.888
Model Summary
R Square
.788
Adjusted
R Square
.786
ANOVA
Std. Error
of the
Estimate
.1406
Sum of Mean
Model Squares df Square
Regresson 5.746 5.746
Residual 1.542 78 1.977E-02
Total 7.288 79
F Sig.
29O.678 .000
Figure 12. Regression analysis of difficulty & severity for casts (time 1) vs. casts
(time 1)
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.8-
.6,
.4,
.2
-.4,
-.6
o# GROUP
o Class III
Class II Div. 2
Open bite
Mild Crowding
B Bimax. Protrussive
Total Population
Logit difficulty at time 2
Model Summary
Model R R Square
.906 .822
Adjusted
R Square
.819
ANOVA
Std. Error
of the
Estimate
.1167
Model
1 iegression
Residual
Total
Sum of
Squares df
4.891 1
1.062 78
5.954 79
Mean
Square
4.891
1.362E-02
F Sig.
359.174 .000
Figure 13. Regression analysis of difficulty & severity for casts and cephalogram
(time2) vs. casts and cephalogram (time 2).
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CASES -MAP- ITEMS
<more> <rare>
2 +
midline
Q
1 +
bo rt maxl
Q maxr
mandr overjet
0 +M mandl
12 26 44 47 overbite
24 30 37 manda
36 SI bo_lap
22 28 50 57 70
51 67
16 21 29 38 46 48 49 54 80 9 bo it maxa openbite
18 32 56 68 71 72 78 S
34 35 55 61 66 74
42 43 6 62 77
1 15 17 53 75 76 M bo_rap
2 40 41 65 73
-i 14 23 33 5 52 79 +
27 3 69 IQ
13 64 8
25 45 58
59 60 S
19 31 63
11
Q
-2 +
7
39
10
4
-3 20 +
<less> <frequ>
Figure 14. Par logit scale of components ranked independem ofthe judges
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x
5O
40
30
20
10
0
0
C
Class III
Class II Div.2
Open bite
Mild Crowding
g Bimax. Protrussive
Total Population
Observed severity at time 1
Model
Model
Model Summary
Regression
Residual
Total
R R Square
.784 .615
Adjusted
R Square
.610
Std. Error
of the
Estimate
3.2O40
ANOVA
Sum of Mean
Squares df Square
1280.797 1280.797
800.708 78 10.265
2081.505 79
F
’124.767
Sig.
.0oo
Figure 15. Regression analysis ofobserved severity & PAR Index for
time 1 (casts)
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X
60
50
40
30
20
10
0
Logit severity at time 1
C
a Class III
Class II Div.2
Open bite
Mild Crowding
Bimax. Protrussive
Total Population
Model
.783
Model Summary
R Square
.613
Adjusted
R Square
.608
Std. Error
of the
Estimate
.1902
ANOVA
Sum of Mean
Model Squares df Square
Regression 4.466 4.466
Residual 2.822 78 3.618E-02
Total 7.288 79
F
123.430
Sig.
.000
Figure 16. Regression analysis of logit severity and Par Index at
time 1 (casts)
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60
30
20
x
El El
I"0 2"0 3"0
C
Class III
Class II
Open bite
Mild Crowding
Bimax. Protrussive
Total Population
Observed severity at time 2
Model Summary
Std. Error
Adjusted of the
Model R R Square R Square Estimate
.718 .516 .510 3.1760
ANOVA
Sum of Mean
Model Squares df Square F
1 I-tegresson 839.474 839.474 83.222
Residual 786.801 78 10.087
Total 1626.275 79
Sig.
.000
Figure 17. Regression analysis ofobserved severity and Par Index at time
2 (casts & cephalogram)
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7O
x
60
50
40
30
20
10
O
O O
C
Class III
Class II Div. 2
Open bite
Mild Crowding
u Bimax Protrussive
Total Population
Logit severity at time 2
Model Summary
Model R R Square
1 .725 .526
Adjusted
R square
.520
Std. Error
of the
Estimate
.1902
Sum of
Model Squares
14egresmon 3.133
Residual 2.821
Total 5.954
ANOVA
df
78
79
Mean
Square
3.133
3.616E-02
F
861626
Sig.
.000
Figure 18. Regression analysis of severity and PAR Index at time 2 (casts &
cephalogram)
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